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. Description 

[0001 ] This invention relates to improvements in pres- 
surised dispensing containers and particularly those for 
dispensing a metered dose of medicament. s 
[0002] In metered dose inhalers, an aerosol stream 
from a pressurised dispensing container is fired towards 
a patient or user of the inhaler into an air flow. The air 
flow is created by a user inhaling through a mouthpiece 
of the inhaler and the medicament is released into this 
air flow at a point between the air inlet holes and the 
mouthpiece. 

[0003] Conventional metering valves for use with 
pressurised dispensing containers comprise a valve 
stem co-axially slidable within a valve member defining 
an annular metering chamber, and outer and inner an- 
nular seals operative between the respective outer and 
inner ends of the valve stem and the valve member to 
seal the metering chamber therebetween. The valve 
stem is hollow whereby in a non-dispensing position of 
the valve stem, the metering chamber is connected to 
the container and charged with product therefrom. The 
valve stem is movable against the action of a spring to 
a dispensing position wherein the metering chamber is 
isolated from the container and vented to atmosphere 
for the discharge of product. 

[0004] Other drug delivery devices include apparatus 
in which capsules containing a powdered medicament 
are mechanically opened at a dispensing station where 
inhaled air subsequently entrains the powder, which is 
then dispensed through a mouthpiece. 
[0005] A problem with all such drug delivery devices 
is that deposition of the medicament, or a solid compo- 
nent from a suspension of a particulate product in a liq- 
uid propellant, on the internal surfaces and other com- 
ponents of the devices occurs after a number of opera- 
tion cycles and/or storage. This can lead to reduced ef- 
ficiency of operation of the device and of the resulting 
treatment in that deposition of the product reduces the 
amount of active drug available to be dispensed. 
[0006] Some prior art devices rely on the dispenser 
being shaken in an attempt to dislodge the deposited 
particles as a result of the movement of a liquid propel- 
lant and product mixture. However, whilst this remedy 
is effective within the body of the container itself, it is not 
effective for particles deposited on the inner surfaces of 
the metering chamber. As the size of the chamber is sig- 
nificantly smaller, the restricted flow of fluid in the me- 
tering chamber (caused by the tortuosity of the flow path 
through the chamber) means that the fluid in the meter- 
ing chamber does not move with enough energy to ad- 
equately remove the deposited particles. 
[0007] One solution is proposed in pending applica- 
tion GB 97211684.0 in which a liner of a material such 
as fluoropolymer, ceramic or glass is included to line a 
portion of the wall of a metering chamber in a metering 
valve. Although this solves the problem of deposition in 
these types of dispensers, it does require the re-design 



or modification of moldings and mould tools for produc- 
ing the valve members to allow for the insertion of the 
liner. 

[0008] It is an object of the present invention to pro- 
vide drug delivery devices in general in which the dep- 
osition of the product and active drug component is min- 
imised. 

[0009] According to the invention there is provided a 
pressurised dispensing container for dispensing a med- 
icament, wherein at least a portion of one or more of the 
internal surfaces of components of the pressurised dis- 
pensing container which come into contact with medi- 
cament during storage or dispensing has a layer of one 
or more cold plasma polymerised monomers bonded to 
at least a portion thereof, wherein said layer is of a cold 
plasma polymerised fluorinated hydrocarbon. 
[001 0] A particular embodiment of the present inven- 
tion will now be described, by way of example only, with 
reference to the accompanying drawings, in which: 

Figure 1 is a cross-sectional view through an inhal- 
er, with a pressure dispensing container of the 
present invention; and 

Figure 2 is a cross-sectional view of a metering 
valve for use with a pressure dispensing container. 

[001 1 ] In Figure 1 , an inhaler 1 0 for a product such as 
a medicament comprises a housing 11 for receiving a 
pressurised dispensing container 12 of a medicament 
and a mouthpiece 14 for insertion into the mouth of a 
user of the inhaler 10. 

[0012] The container 11 is generally cylindrical and 
open at its upper end. A lower wall 1 5 of the housing 1 1 
includes an annular socket 16 for receiving the tubular 
valve stem 17 of the container 12. The socket 16 com- 
municates via a duct 18 ending in an orifice 19 with the 
mouthpiece 14. The lower wall 15 also has holes 20 for 
allowing air to flow through the container housing 11 into 
the mouthpiece 14. 

[0013] The mouthpiece 14 may be generally circular 
or shaped to fit the mouth and is connected to or forms 
a part of the housing 11. 

[0014] In use, a patient or user holds the inhaler 10, 
usually in one hand, and applies his mouth to the mouth- 
piece 1 4. The user then inhales through the mouthpiece 
14 and this creates an airflow through the cylindrical 
housing 11, from its open end around the dispensing 
container 12, through the holes 20 and into the mouth- 
piece 1 4. After the user has started inhaling through the 
mouthpiece 14, the container 12 is depressed down- 
wardly onto its stem 1 7 to release a dose of medicament 
from the container 12. The dose of medicament is pro- 
jected by the pressure in the container 12 via the duct 
1 8 and through the orifice 1 9. It then mixes with the air- 
flow through the mouthpiece 14 and is hence inhaled by 
the user. 

[0015] In traditional inhalers, all of the components 
are plastic mouldings, which gives rise to the deposition 
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problems described above. The particular problem are- 
as in devices such as inhalers are the internal surfaces 
21 of the mouthpiece 1 4, the internal surfaces 22 of the 
duct 1 8 and the walls 23 defining the orifice 1 9. In some 
inhalers 1 0, the diameter of at least a part of the duct 1 8 
can be as little as 0.5mm and so any deposition on its 
internal surfaces 22 could lead to not only the problem 
of a reduction in active drug components being availa- 
ble, but also dispensing difficulties. 
[0016] The metering valve 110 illustrated in Figure 2 
is another type of drug delivery device or dispenser, and 
includes a valve stem 111 which protrudes from and is 
axially slidable within a valve member 112, the valve 
member 1 1 2 and valve stem 1 1 1 defining therebetween 
an annular metering chamber 113. The valve member 
112 is located within a valve body 114 which is posi- 
tioned in a pressurised container (not shown) containing 
a product to be dispensed. The metering valve 110 is 
held in position with respect to the container by means 
of a ferrule 115 crimped to the top of the container and 
sealing being provided between the valve body 114 and 
container by an annular gasket 116. 
[001 7] An outer seal 1 1 7 and an inner seal 1 1 8 of an 
elastomeric material extend radially between the valve 
stem 1 1 1 and the valve member 112. The outer seal 1 1 7 
is radially compressed between the valve member 112 
and valve stem 1 1 1 so as to provide positive sealing con- 
tact, the compression being achieved by using a seal 
which provides an interference fit on the valve stem 1 1 1 
and/or by the crimping of the ferrule 115 onto the pres- 
surised container during assembly. 
[0018] The valve stem 111 has an end 1 1 9 which pro- 
trudes from the valve member 1 1 2 and ferrule 1 1 5 which 
is a hollow tube and which is closed off by flange 120 
which is located within the metering chamber 113. The 
hollow end 119 of valve stem 11 includes a discharge 
port 121 extending radially through the side wall of the 
valve stem 111. The valve stem 1 1 1 further has an inter- 
mediate section 122, which is also hollow and defining 
a central passage and which has a pair of spaced radial 
ports 123, 124 which are interconnected through a cen- 
tral cavity. 

[001 9] A spring 1 25 extends between a second flange 
126, separating the intermediate section 122 of the 
valve stem 111 and an inner end 127 of the valve stem 
111, and an end of the valve body 1 1 4 to bias the valve 
stem 111 in a non-dispensing position in which the first 
flange 120 is held in sealing contact with the outer seal 
1 1 7. The second flange 1 26 is located outside the valve 
member 112, but within the valve body 114. 
[0020] The metering chamber 1 1 3 is sealed from the 
atmosphere by the outer seal 117, and from the pressu- 
rised container to which the valve 11 0 is attached by the 
inner seal 118. In the illustration of the valve 110 shown 
in Figure 1 radial ports 123, 124, together with the cen- 
tral cavity in the intermediate section 122 of the valve 
member 1 1 1 connect the metering chamber 1 1 3 with the 
container so that in this non-dispensing condition the 



metering member 1 1 3 will be charged with product to be 
dispensed. 

[0021 ] Upon depression of the valve stem 1 1 1 relative 
to the valve member 112 so that it moves inwardly into 

s the container, the radial port 1 24 is closed off as it pass- 
es through the inner seal 1 1 8, thereby isolating the me- 
tering chamber 1 1 3 from the contents of the pressurised 
container. Upon further movement of the valve stem 111 
in the same direction to a dispensing position the dis- 

10 charge port 1 21 passes through the outer seal 1 1 7 into 
communication with the metering chamber 113. In this 
dispensing position the product in the metering chamber 
113 is free to be discharge to the atmosphere via the 
discharge port 121 and the cavity in the hollow end 119 

is of the valve stem 111. 

[0022] When the valve stem 1 1 1 is released, the bias- 
ing of the return spring 125 causes the valve stem 111 
to return to its original position. As a result the metering 
chamber 113 becomes recharged in readiness for fur- 

20 ther dispensing operations. 

[0023] The component parts of conventional drug dis- 
pensing devices, such as valve members, valve stems, 
inhaler housings and so on , are generally formed as sin- 
gle mouldings from material such as acetal, polyester 

25 or nylon which are prone to the deposition problems de- 
scribed above. Although in some cases it might be pos- 
sible to include a separate liner of a material such as a 
fluoropolymer, ceramic or glass to line a portion of the 
are in which deposition problems occurs, this requires 

30 the re-design or modification of mouldings and mould 
tools so that the components can accommodate such 
liners. 

[0024] In the present invention we propose a solution 
in which the component parts of the pressurised dis- 

35 pensing container are made by conventional tooling and 
moulds from the traditional materials listed above. They 
are then subjected to a cold plasma polymerisation 
treatment of one or more monomers which is a "hydro- 
phobic" treatment which creates a very thin layer of the 

40 plasma polymer on the surface of the component parts 
which significantly reduces the deposition of active 
drugs on the relevant surfaces due to factorsuch as anti- 
frictional and waterproof characteristics and low surface 
energy. 

45 [0025] The preferred monomers to use in this process 
are perfluoro-cyclohexane or perfluoro-hexane which 
would create a thin layer of plasma polymerised fluoro- 
cyclohexane or fluoro-hexane on the appropriate sur- 
face. Other fluorinated hydrocarbons may also be used, 

50 such as tetrafluoroethylene (TFE), trifluoroethylene, vi- 
nylidene fluoride and vinyl fluoride. The two monomers 
fluoroethylene and f luoropropylene may also be used to 
form the copolymer fluorinated ethylene-propylene 
(FEP). 

55 [0026] The process is known as "cold plasma" treat- 
ment as the temperature within the body of the plasma 
is ambient. Thus thermoplastic materials such as poly- 
butyrene terephthalate (PBT), nylon, acetiie and 
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tetrabutyrene terephthalate (TBT) can be treated with- 
out fear of thermal damage. The treatment is a vacuum 
procedure in which the components are placed inside a 
chamber which is evacuated to less than 0.67 Pa (0.005 
Torr). One or more monomers are introduced to the 
chamber at a controlled rate and a 13.56 MHZ r.f. signal 
is applied to an external antenna. The plasma is ignited 
within the chamber and maintained for a given time at 
the preselected power setting. At the end of the treat- 
ment the plasma is extinguished, the chamber flushed 
and the products retrieved. As a result a thin layer (for 
example 0.005 to 0.5 microns) of the plasma polymer- 
ised material is intimately bonded to the surface of the 
component. 

[0027] Either an entire component within the pressu- 
rised dispensing container, or just the surfaces of one 
or more component which would come into contact with 
the medicament curing actuation, could be treated to 
provide an improved pressurised dispensing container 
according to the present invention. In the metering valve 
of Figure 2, the valve member 1 1 2 alone may be treated. 
However, additional benefits can be achieved in treating 
some or all of the other plastic and rubber parts of the 
valve, including the valve body 114 and the seals 116, 

117 and 118. Treatment of the seals 117 and 118 has 
the additional benefit that friction between the seals 1 1 7 
and 118 and valve stem 111 is reduced resulting in eas- 
ier operation of the device. The level of friction between 
the valve stem 1 1 1 and seals 1 1 7 and 1 1 8 may be further 
reduced by treatment of the valve stem 111 itself. Such 
treatment reduces or eliminates the need for silicone 
emulsions or oils to be applied to the seals 1 1 7 and 1 1 8 
and valve stem 111. Treatment of the seals 116,117 and 

118 also has the benefits of reducing levels of extracti- 
ves where the seals are manufactured from elastomeric 
materials, reducing the permeability of the seals to the 
propellant in the pressurised dispensing container and 
reducing the levels of absorption of product onto the sur- 
faces of the seals. 



Claims 

1. Pressurised dispensing container for dispensing a 
medicament, wherein at least a portion of one or 
more of the internal surfaces of components of the 
pressurised dispensing container which come into 
contact with medicament during storage or dispens- 
ing has a layer of one or more cold plasma polymer- 
ised monomers bonded to at least a portion thereof, 
wherein said layer is of a cold plasma polymerised 
fluorinated hydrocarbon. 

2. Pressurised dispensing container as claimed in 
claim 1 in which the one or more monomers for cold 
plasma polymerisation are selected from the group 
of materials comprising perfluoro-cyclohexane, 
perfluoro-hexane, tetrafluoroetyhlene, trifluoroeth- 



ylene, vinylidene, fluoride, vinylfluoride, fluoroethyl- 
ene and fluoropropylene. 

3. Metering valve for use with a pressurised dispens- 
5 ing container, the valve comprising a valve stem co- 

axially slidable within a valve member, said valve 
member and valve stem defining an annular meter- 
ing chamber, outer and inner annular seals opera- 
tive between the respective outer and inner ends of 
10 the valve member and the valve stem to seal the 
annular metering chamber therebetween, charac- 
terized in that at least a portion of an internal sur- 
face of the metering valve has a layer of one or more 
cold plasma polymerised monomers bonded there- 
's to wherein the layer is of a cold plasma polymerised 
fluorinated hydrocarbon. 

4. Metering valve as claimed in claim 3 in which said 
internal surface comprises a surface of the metering 

20 chamber. 

5. Metering valve as claimed in either of claims 3 or 4 
in which the internal surface comprises a surface of 
the valve member. 

25 

6. Metering valve as claimed in any one of claims 3 to 

5 in which the internal surface comprises a surface 
of the valve stem. 

30 7. Metering valve as claimed in any one of claims 3 to 

6 in which the internal surface comprises a surface 
of either of both of said outer and inner annular 
seals. 

35 8. Metering valve as claimed in any one of claims 3 to 

7 in which the valve further comprises a valve body 
in which the valve member is located, the valve 
body having a layer of one or more cold plasma pol- 
ymerised monomers bonded thereto, wherein the 

40 layer is of a cold plasma polymerised fluorinated hy- 
drocarbon. 

9. Metering valve as claimed in any one of claims 3 to 

8 further comprising a gasket expending between 
45 the sealing surfaces of the metering valve and a 

pressurised dispensing container, said gasket hav- 
ing a layer of one or more cold plasma polymerised 
monomers bonded thereto, wherein the layer is of 
a cold plasma polymerised fluorinated hydrocar- 
50 bon. 



Patentanspruche 

55 1 . Unter Druck gesetzter Ausgabebehalter zum Aus- 
geben eines Medikaments, wobei mindestens ein 
Bereich einer oder mehrerer Innenoberflachen von 
Komponenten des unter Druck gesetzten Ausgabe- 
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behalters, die in Kontakt mit dem Medikament wah- 
rend der Aufbewahrung Oder des Ausgebens tre- 
ten, eine Schicht aus einem Oder mehreren im kal- 
ten Plasma polymerisierten Monomeren aufweist, 
die mit mindestens einem Beretch derseiben ver- 
bunden sind, und wobei die Schicht ein im kalten 
Plasma polymerisierter fluorierter Kohlenwasser- 
stoff ist. 

2. Der unter Druck gesetzte Ausgabebe hatter nach 
Anspruch 1 , wobei das eine Oder die mehreren Mo- 
nomere fur die Pofymerisierung im kalten Plasma 
ausgewahlt sind aus der Gruppe der Materialien, 
die Perfluorcyclohexan, Perfluorhexan, Tetrafluo- 
rathylen, Trifluo rathylen, Vinlyiden, Fluorid, Vinyl- 
fluorid, Fluorathylen und Fluorpropylen umfassen. 

3. Messventil zur Verwendung mit einem unter Druck 
gesetzten Ausgabebehalter, wobei das Ventil einen 
koaxial innerhalb eines Ventilelements verschieb- 
baren Ventilschaft aufweist, das Ventilelement und 
der Ventilschaft eine ringformige Messkammer be- 
stimmen, auBere und innere ringformige Dichtun- 
gen operativ zwischen den entsprechenden auBe- 
ren und inneren Enden des Ventilelements und des 
Ventilschaftes sich befinden, urn die ringformige 
Messkammer dazwischen abzudichten, dadurch 
gekennzelchnet, dass mindestens ein Bereich ei- 
ner Innenoberflache des Messventils eine damit 
verbundene Schicht aus einem Oder mehreren im 
kalten Plasma polymerisierten Monomeren auf- 
weist, wobei die Schicht aus im kalten Plasma po- 
lymerisierten fluorierten Kohlenwasserstoff ist. 

4. Messventil nach Anspruch 3, wobei die Innenober- 
flache eine Oberflache der Messkammer aufweist. 

5. Messventil nach Anspruch 3 Oder 4, wobei die In- 
nenoberflache eine Oberflache des Ventilelements 
aufweist. 

6. Messventil nach einem der Anspriiche 3 bis 5, wo- 
bei die Innenoberflache eine Oberflache des Ven- 
tilschaftes aufweist. 

7. Messventil nach einem der Anspriiche 3 bis 6, wo- 
bei die Innenoberflache eine Oberflache von einer 
oder beiden der auBeren und inneren ringformigen 
Abdichtung aufweist. 

8. Messventil nach einem der Anspriiche 3 bis 7, wo- 
bei das Ventil ferner einen Ventilkorper aufweist, in 
dem sich das Ventilelement befindet, der Ventilkor- 
per eine damit verbundene Schicht aus einem Oder 
mehreren im kalten Plasma polymerisierten Mono- 
meren aufweist, wobei die Schicht ein im kalten 
Plasma polymerisierter fluorierter Kohlenwasser- 
stoff ist. 



9. Messventil nach einem der Anspriiche 3 bis 8, des 
Weiteren mit einer Abdichtung, die sich zwischen 
den Dichtoberflachen des Messventils und einem 
unter Druck gesetzten Ausgabebehalter erstreckt, 
5 die Abdichtung eine damit verbundene Schicht aus 
einem Oder mehreren im kalten Plasma polymeri- 
sierten Monomeren aufweist, wobei die Schicht ein 
im kalten Plasma polymerisierter fluorierter Kohlen- 
wasserstoff ist. 

w 

Revendications 

1 . Recipient distributee pressurise pour distribuer un 
15 medicament, dans lequel au moins une partie d'une 
ou piusieurs des surfaces internes des composants 
du recipient distributeur pressurise qui viennent en 
contact avec le medicament pendant I'entreposage 
ou la distribution, presente une couche d'un ou plu- 
20 sieurs monomeres polymerises a froid a I'aide d'un 
plasma, lies a au moins une partie de celles-ci, oil 
tadite couche est d'un hydrocarbure fluore polyme- 
rise a froid a I'aide d'un plasma. 

25 2. Recipient distributeur pressurise selon la revendi- 
cation 1 , dans lequel lesdits un ou piusieurs mono- 
meres destines a une polymerisation a froid a I'aide 
d'un plasma sont choisis dans le groupe de matie- 
res comprenant le perfluorocyclohexane, le pert luo- 

30 rohexane, le tetrafluoro ethylene, le trifluoroethyle- 
ne, le fluorure de vinylidene, le fluorure de vinyle, 
le fluoroethylene et le fluoropropylene. 

3. Clapet doseur destine a une utilisation avec un re- 
35 cipient distributeur pressurise, le clapet compre- 
nant une tige de clapet coulissable co-axialement a 
I'interieur de ('element de clapet, iedit element de 
clapet et ladite tige de clapet def inissant une cham- 
bre doseuse annulaire, des joints d'etancheite an- 

40 nulaires externe et interne operant entre les extre- 
mites externe et interne respectives de I'element de 
clapet et de la tige de clapet, afin de sceller herme- 
tiquement la chambre doseuse annulaire entre 
ceux-ci, caracterise en ce que, au moins une par- 

45 tie d'une surface interne du clapet doseur presente 
une couche de un ou piusieurs monomeres poly- 
merises a froid a I'aide d'un plasma lies a celle-ci, 
ou la couche est d'un hydrocarbure fiuore polyme- 
rise a froid a I'aide d'un plasma. 

50 

4. Clapet doseur selon la revendication 3, dans lequel 
ladite surface interne comprend une surface de la 
chambre doseuse. 

55 5. Clapet doseur selon I'une quelconque des revendi- 
cations 3 ou 4, dans lequel la surface interne com- 
prend une surface de I'element de clapet. 
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. 6. Clapet doseur selon Pune quelconque des revendi- 
cations 3 a 5, dans lequel la surface interne com- 
prend une surface de la tige de clapet. 

7. Clapet doseur selon Tune quelconque des revendi- 5 
cations 3 a 6, dans lequel la surface interne com- 
prend une surface de Pun ou Pautre des deux dits 
joints d'etancheite annulalres externe et interne. 

8. Clapet doseur selon Pune quelconque des revendi- 10 
cations 3 a 7, dans lequel le clapet comprend de 
plus, un corps de clapet dans lequel se situe Pele- 
ment de clapet, le corps de clapet presentant une 
couche d'un ou plusieurs monomeres polymerises 

a froid a Paide d'un plasma, fixes a celui-ci, dans *5 
lequel la couche est d'un hydrocarbure fluore poly- 
merise a froid a Paide d'un plasma. 

9. Clapet doseur selon I'une quelconque des revendi- 
cations 3 a 8, comprenant de plus un joint s'eten- 20 
dant entre les surfaces d'etancheite du clapet do- 
seur et un recipient distributeur pressurise, ledit 
joint ayant une couche de un ou plusieurs monome- 
res polymerises a froid a Paide d'un plasma lies a 
celui-ci, dans lequel la couche est d'un hydrocarbu- 25 
re fluore polymerise a froid a Paide d'un plasma. 
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